Martin [1] developed a new approach for plane viscous flows of incompressible fluids. Nath and Chandna [2] and Chandna and Garg [3] extended Martin's approach to incompressible magnetohydrodynamic fluids.
Introduction.
Martin [1] developed a new approach for plane viscous flows of incompressible fluids. Nath and Chandna [2] and Chandna and Garg [3] extended Martin's approach to incompressible magnetohydrodynamic fluids.
In the present paper we follow Martin's work and study the steady plane flows of an inviscid compressible fluid of infinite electrical conductivity when the magnetic field vector lies in the flow plane and makes a non-zero constant angle with the velocity vector. We introduce curvilinear coordinates 0, \[/ in the physical plane in which the coordinates lines \p = constant are the streamlines and the lines 0 = constant are magnetic lines.
The plan of the paper is as follows. In Sec. 2 we start with the basic equations of flow and employ results from differential geometry to recast these equations in (0, \p) coordinates. The following sections are devoted to applications of the new form of equations and we establish the following results: i) If the velocity magnitude is constant on each individual streamline, then the streamlines must be concentric circles or parallel straight lines.
ii) If the magnetic field is irrotational, then the velocity magnitude is constant on each individual streamline.
iii) If the flows are irrotational, orthogonal and the fluid obeys the product equation of state, then the flows are homentropic radial or parallel flows. iv) If the streamlines are straight lines, then vorticity is identically zero. Finally, solutions of parallel constantly inclined flows and orthogonal circular flows are obtained.
Flow equations.
The steady, plane adiabatic flow of an inviscid, compressible fluid of infinite electrical conductivity is governed by the following system of equations:
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dx dy together with an appropriate equation of state p = p(p, s). This is a system of seven equations wherein (m, v) are the velocity components, Hx , H2 the components of the coplanar magnetic field vector, p the pressure function, p the density function, s the specific entropy, p the constant magnetic permeability and K an arbitrary constant which is zero for aligned flows and nonzero in the case of non-aligned flows.
On introducing the functions
the system of equations (1)- (6) is replaced by the following system:
Z>P , 1 Sq2 Eqs. (12) can be solved to determine 0, ip as functions of x, y so that
where 0 < |/| < <», and by (14),
is the transformation Jacobian.
Denoting by a the local angle of inclination of the tangent to the coordinate line ip = constant, directed in the sense of increasing 0, we have from differential geometry the following (cf. Martin [1] ):
K~ -1 and K is the Gaussian curvature. Having recorded the above results, we now take the eight Eqs. (9) and develop these flow equations in a new form in the new variables 0, \p. In the following work, we consider, without any loss of generality, that the fluid flows towards higher parameter values of 0 so that J = W > 0.
Linear momentum equations. On employing (10) in the linear momentum equations, we have dp 8(f) dp 8^_ 8<t>~8y ~8^~8y ~2P\~8$ ~8y Ihf ~8y> "~8y ~ ~^J~8y '
Making use of the transformation equations (15), we get 8p 8y dp By 1 Ssq2 8y 8q2 8y\ 8y __ . 8y
8(f> 8\p 8\p 8(f> 2^ I <90 8\p 8\p 8<f>' 8(f> ^ 8\p dp dx dp dx 
3. Constant velocity magnitude on each streamline. In this section, we investigate the possible flow patterns when q = q(\p). Using the diffusion equation in the continuity equation and employing the assumption that q = q(\p), we find that
where /IOA) 's an arbitrary function of \p. Letting 6 = constant 4-0 to be the angle between magnetic lines and streamlines everywhere, we get
and, therefore, from the continuity equation pjG = l/q sin 9.
Differentiating (37) with respect to 0, we obtain
<38>
Employing the diffusion equation, current density equation, (35) and (36) in the first linear momentum equation, we obtain + <39>
Using c2 = {8p/dp), the adiabatic condition and (38) in Eq. (39), it follows that
This equation implies that either dp/8$ -0 or pc2E = n cosec2 8. However, if the gas is a polytropic gas with the state equation p = A(s)p7, then the second possibility takes the form p = (fi cosec2 6/y A(s) E)1/y and, therefore, dp/8(f) = 0. Using p = p(\p) in (37), we get VG = B'W) where z0 is an arbitrary complex constant and a0 an arbitrary real constant. From this result, we conclude that Theorem 2. If, for a flow, the velocity magnitude is constant on each individual streamline and the gas is a polytropic gas, then the streamlines \p = constant are concentric circles for the case L 4 0 and are parallel straight lines for the case L = 0. Furthermore, from (40), we see that for a gas obeying the general equation of state, the streamline pattern will be as stated in this theorem provided pc2E sin2 6 4 n anywhere in flow region.
4. Flows with irrotational magnetic field. In this section, we study the flow geometry when the magnetic field is irrotational and, therefore, the current density is zero.
Letting 6 = constant 4 0 be the angle between the streamlines and magnetic lines everywhere, we have F = (EG)1'2 cos 9, 
where c2 = dp/dp. Using (46) in (47), we find
<48>
This equation implies that either c2 -\K2E = 0 or dp/d(p = 0. However, if the gas is polytropic, then by using Eq. (46) in c2 -\K2E = 0, we get pc2 = tA(s)py = 1/2Gp sin 9 (49) which, together with (45), implies thatp = p(\p) or dp/dip = 0. For non-polytropic gases, (48) implies that dp/d<j) = 0 when c2 ^ \K2E or M2 = q2/c2 7^ 2, that is, the density will be constant on each individual streamline for a flow of nonpolytropic gas provided that the Mach number for the flow is not equal to <J2. For such flows, using dp/d<j> = 0 in (45) 
IpEJ dp/dyp = 0, or p = p(4>).
By using p = p(<fi) and s = s(\p) in the state equation, the form of the density function is given by p = P(<p)S(\p)
where P(4>) = Px(p), S(\p) = S^s).
Taking G = l/K2p2E from the diffusion equation and using (52), (55) in (53) and Gauss' equation, we obtain
E\<t>)P\4>)\E{(t>)P'{4') + I£W(0)} = S(mn (57) where primes denote differentiation and f(ip) is an arbitrary function of \p. Since 0, \p are independent variables, it follows that each side of (57) is equal to a constant, say A. Taking the left-hand side of (57) equal to A and using in (56), we obtain 2 K'SW) p^E'id,)
This equation implies that S(\p) = constant and, therefore, we obtain that irrotational orthogonal flows of a gas obeying the product equation of state are homentropic flows with equation of state of the form p = p(p). This physical restriction and Eq. (54) give
Using (59) and (52) where a = o(y). In this coordinate system, the coordinate curves £ = constant and v = constant are respectively the involutes of C and the tangent lines of C.
We now investigate the flows for which <t> = <£(£), ^
Using (65) in (13), we get
Comparing (66) and (64), we get
Substituting for E, F, G in vorticity equation and using the diffusion equation, we obtain that vorticity vanishes. Therefore, we have irrotational orthogonal flows of the previous section and we conclude with the same results. 
Using (69) in (13) yields ds2 = Ed>'2 de + 2F4>'V d£ dv + Gyp'2 dy2.
Comparing (70) and (68) implies
and, therefore, W = l/0'ip'.
Substituting (71) in the linear momentum equations and using the vorticity and current density equations, we have dp_ 8<p 
where, for brevity, we have written
8. Circular flows. In this section we study flows in which the streamline pattern is circular and the magnetic lines are orthogonal to them. Introducing polar coordinates (r, <5), the streamlines are defined by r = constant and the magnetic lines are given by <5 -constant. The square of the element of arc length is ds2 = dr2 + r* d82.
For our problem we have <£ = <j>(8) and ip = \p(r) and, therefore, we also have ds2 = E<t>'2 db2 + 2dh dr + G\p'2 dr2.
Comparison of (76) and (77) gives E = r'/tp'2,
and, therefore, W = r/<j>'\p'.
Using (78) in the vorticity and current density equations of (33), we find co = -2KU', j = <$>"/?.
The linear momentum equations, on substituting (78) and (79), become dp Krtp'xp' d ( 1 \ _ n dp K\p'_ 8b 2 ~db Vd/2 / r2 ~ Tr'lT-0-
+ KW"+ *•)} + ?£ 4>'<!>" = 0.
Eq. (81) implies that <t>" = 0 and/or 2Kf' + Kr^ 0'3.
However, the second equation in (82) may be separated to give Kr3 -\np" + 2\p') = -0'3 = ~a\ (constant), 
Calculating E, G, and W from (78) and using </»' = ax , the diffusion equation of (33) 
a i x* + yz where we have used the facts that /3 = <5 and a = (7r/2) + b for these flows. It is interesting to note that the velocity and magnetic fields are independent of the choice for the streamfunction \p(r).
